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Outline

e [ntroduction to Electroweak physics at Belle

e BRelle and KEKB

 Analyses: Flavor Changing Neutral Current
* Radiative decay: b—sy (BO9—=pAny )
* Penguin decay: b—s [ (eu)
* |nclusive: B—Xs Il

e Exclusive: B—=K® I*I-
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b—s Electroweak Decay

e b-s: Flavor Changing Neutral
Current (FCNC). Not possible
at tree level

 Penguin diagrams:
Sensitive to new particles

entering the loops
X
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 Beyond the SM contributions
can be large. Observable via:
e Lepton Decay Angle (Arg)
* Decay Rate
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Belle's Legacy on EWP

e First observation of B—=KI*I- W KIT 7
PRL 88, 021801 (2002) — 5[ ” :
e First observation of B=K*I*I- o LI ] i """ '
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PRL 91, 261601 (2003)
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* First observation of B—= Xl
PRL 90, 021801 (2003)
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* First measurement of Arg of B=2K*'FIF—_ E

b b b b Eniln 1:1:“. 11 ,.,_;
PRL 96, 251801 (2006) 0 ; l. (Is tla 10 112 14 1I6 118 2

7 GeV?c?

e First observations of several radiative modes, ®Ky, K1y, etc.

* First observation of B=(p,w)y —
PRL 96, 221601 (2006) —

B (p.o)y

* Most precise measurement of B—Xsy covering
the widest E, range. PRL 103, 241807 (2009)
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e ... and many more published results -
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KEKB at KEK Tsukuba

1200 ] 1 T T T I On resonance :
| —KEKB  ——PEP-I | Y(5S): 121 b’
. 1000 - I ' _ Y(4S): 711 b
Belle 8| E 2% Y(35): 3!

Y(2S): 25 b}

Y(1S): 6 b}

Off reson./scan:
~100 fb!

~ 550 fb™*!
On resonance:
Y(4S): 433 b
Y(3S): 30 b’
Y(2S): 14 fb"
Off resonance:
~54 fb!

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1
* Results use World's Largest Y(4s)
Data Set

hNE 22
RF Cavity

etsouce @ 772 Million BB pairs
“— BETFR

* Currently being upgraded, SuperKEKB to
collect ~50 times the current data set

® Preliminary: to be published soon
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http://en.wikipedia.org/wiki/Tsukuba,_Ibaraki
http://en.wikipedia.org/wiki/Tsukuba,_Ibaraki

Belle Detector

e K /Muon
* Energy Measurement
PID

_——¢ Tracking
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Belle Detector
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e K¢/Muon
* Energy Measurement
e PID
* Tracking
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Radiative decay. b—sy
(B°—pAmy )

Hierarchy has been observed in the
b—s and b—c¢ baryonic transitions |
BR(BY — pAntn™) > BR(B? — pAn~) > BR(BT — pA)
BR(BT — pA.ntn™) > BR(B? — pA.n™) > BR(BT — pA.)

... check b—sy
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Belle observed interesting
excess In Mpa in B¥*—pAy
Br(B*>pAy) = (2.4570:35 + 0.22) x 107°

M.-Z. Wang et al. (Belle Collaboration), Phys. Rev. D. 76, 052004 (2007).

dBr/dMz; (107 (GeVic?)
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Radiative decay. b—sy
( BO_’p/\T[V) e'e—2BB  e'e’—qq

* Main background continuum
ete"—qq (u,ds,c)

o Likelihood Ratio (LR) is
LR =
constructed from event shape Lo+ Lp
variables (Fox-Wolfram, Loy = PUCSEW)x PleosOp)
cos Bg)

JOp: SRR

Signal yield extracted with ~ Mbe = \/Ez?a, — ||’
2D fit to Mpc and AE N> Eyn—Ep.
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Radiative decay: b— sy

< 80 F 5.24 GeV < My, < 5.29 GeV
( Bo_}pA nV ) % 5 Total B—pAy
g 60 :_CS)ic?r?t?rlmum ST ‘}
o [ : = [
Fit Result: 5 40
Ny, = 9.497 1507 (stat) + 1.08(syst). g ok
e Dominant systematic is T
uncertainty on other rare B 04 -02 0 02
AE (GeV)
d ecays N’J 0.4 GeV < AE < 0.3 GeV
_ >
* Place alimit on the BR <
BR(B® — pAn—v) < 6.48 x 10-7(90%C.L.) =
Hierarchy not as expected z
BR(B° — pAr—7) # BR(BT — pA~)

- %.24. | .5.I26. | .5.28
New ?
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Penguin decay: b—s I*-

® Many observables sensitiveto | 4, _ 2V(cost >0) — N(cost <0)
new physics (See Tues. Plen.) Dilcosi=10)+ RiliCesdisl)
.. b
. - - I+
e [nterference: Penguin and 4) )
box diagrams | ” -
b T Sensitive to Wilson Cgefﬁcients
7 7 5 7 A _Re [(2 eff q_Ceff) C* :|
® Lepton (e,u) forward-backward i e m 0
asymmetry (AFB). +I:%(:)ry :gil;:ed ~¥- BaBar -#-Belle -= ATLAS -=- CMS
@ I —————r————T——r——
< f

e Analysis binned in g = my?

e SM predicts some Arg

e | arge asymmetry seen in an
earlier analysis at Belle
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Penguin decay: b—s [l
(B—Xs I'l)

* |nclusive has less e Neural network Is
theoretical uncertainty employed for
than B—K® I*I- backgrounds suppression
e Semi-inclusive (sum of * Semi-leptonic B
exclusive) method, with decays

36 modes of which 20 are

used for A e Continuum (u,d,s,c)

* Thefractionofall Xs — B — B
S
decays covered by 20 “Er [ 0 K& K= Kir*
: K2n | K=n%nw Kgm=n¥ K=n¥r= K2n=n"
final states is ~50 % ‘T Krre Ko K
K4 | KEntninTat  Konn¥asa® | KEatnrntns  Kom—ntmoq°
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Penguin decay: b—s I*f
(B—Xs I'l)

e Signal extraction: Divide
into g2 bins and fit M
for forward/backward
events in e/u channels.

- Bt Xspu

e After we correct for
efficiency, we then apply
a linear scale factor
determined from MC to
obtain the final Ars
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Penguin decay: b—s [l
(B—Xs ')

o % 30T Total Non-

% ' % Signal peaking
1.0 s Jf = y0f Cross-feed B.G.

_ o i } + Peaking
S | ~ * B.G,
*qé)’ 10 - % 10
3 ' -
@ A i | + ™~
922 524 526 528 530 922 524 526 528 530
M, [GeV] M, [GeV]

Fit Xspp 2nd g2 bin: Ngig = 23.9410.5 (stat)

05 F _ _
| * Consistent with SM
qol ot v
0o 5 10 15 20 25 o - -
o [Gev el Total Signal Yields
Bin 1: Consistent with SM at 1.8¢ (6.6% C.L.) * Nsig®=139.9418.6 (stat)

Bin 3/4: Exclude C10*Co > 0 with2.36 (37.9% C.L) | o NggH = 160.8 + 20.0 (stat)
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Penguin decay: b—s I*f

B—>K"'¢ — (K‘ﬂ_)é"é\’\“\‘ /B> Kuw'u — (K‘yt')y‘y:\

* + = ZO D ecay i B_’f.oe*e__)(Kgﬂo)e’e_ § | B—)]i‘o“’u—_,(l(gno)‘u,u_ i
| B=2K'ee > (Ka)e'e | | BoK W —> K 'y |

} B_’K."__)(KO o)eo—: B_>K'q.-_>(K0 ')o-i
C h a ﬂ ﬂ e ‘ S B*K"Z‘Z' —>(Kf:°)e‘Z‘ B—>K"Z'Z' —>(KS~J;°)Z~Z-
. . % B—K"e'e —’(Kgn')e’e' i B— K u'w —*(K'S’n')y‘y' 3
Use likelihood to R S R L ey
i B—>K'e'e” i B—K'u'w i
| B—>Kge'e . B=Ku'w !
suppress background
. ' : +
Fit signal and r <
: M

background in g bin 9050 O
® Mpec... and Mkr (for K¥)

. . . ﬂ;
o F | X N S| g, N bkg f, vs. @2 : (f.= longitudinal polarization fraction for K*)

: 3 i s 2
Calculate Diff. B and A S 0pe+ 3 A{FP-cor'0,)
' : . . Agg Vs. §%
Fit for fL (in g2 bin). Fix f
- ( q ) - %fL(l—coszes,)+%(l—fL)(l+cos295,)+osHB,

I: i.t A F. Kruger and J. Matias, Phys. Rev. D71, 094009 (2005).

Jared Yamaoka | UH | DPF | 16.8.2013




(B—K® FI) -

CP averaged isospin asymmetry (A))

Penguin decay' b—»s [*1-

New Phys:cs’?

B—Kuu LHCb

I' = (73 J750) x B(K 01+ B(K I EI)

of— ------------- S — :
A, = Tpt /7o) xBUKOU) —B(K* 1) -OS% ++ } E

*Expected to be small

*LHCb sees a large negative Aj at In
Kup [arXiv:1205.3422v3]

* Calculate our expected sensitivity
using MC

Advantages of ete” vs LHC:
Include e In final state
Good K% reconstruction
Good ¥ reconstruction
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N arXiv:1205.3422v3 ]
= 1 . 5 [ 1 1 1 I 1 1 1 1 I L 1 1 1 I 1 1 1 1 l 1 1 1 ]

0 5 10 15 20 I425
2[GeV/c
Expected Error ©
a? (GeV?/c?) K*Il Error KIl Error
0.0-2.0 0.12 0.11
2.0-4.3 0.14 0.07
4.3 - 8.69 0.12 0.07
10.9 - 12.86 0.14 0.10
14.18 - 16.0 0.18 0.11
> 16 0.23 0.09




(B—K® FI)

Kee PSE: 0.0 < g? < 2.0

<E£ ) Theory (Ali-Ball ‘01 Model)
0.8
* Expected Stat. Error
+ LHCb (CERN-LHCb-PAPER-2013-019)
0.6
N %l%
I \
0.4
: |
02 | B
0__ e °
023 Sensitivity should
I aIIovv to conﬂrm LHCb
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Penguin decay: b—s [l

meanafb = -0.02238 = 0.0063|  ©
sigmaatb = 0.1413 = 0.0045 g 3¢
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* Using pseudo
experiments estimate
our sensitivity

* No systematics yet,
out statistically
imited




Conclusions

* The FCNC B decays are a rich topic than can be used to explore beyond
the Standard Model (See Tues. Plenary)

* Tantalizing hints of new physics
e Radiative decay: b—sy ( B/—=pAmny)
* Upper limit on BR not consistent with hierarchy seen in other modes
e BR(BY - pAr—y) > 6.48 x 10~7 (90%C.L.)
* Penguindecay:b—s [*lI-(B—Xs I*l)
* Low g“: Consistent with SM at 1.8¢ (6.6% C.L.)
* High g?: Exclude C10*Co > 0 with 2.36 (97.9% C.L.)
e Penguin decay: b—s I'I-( B—=K® I*I)

* Belle's sensitivity for A should be very competitive and complementary
for Arg and we will unblind soon .
17
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